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!• IRTRODUCTION
A* Justification of the Project
The useful and efficient life of a building depends very
heavily upon its roof. This dependence can be illustrated by
listing some of the more important functions of roofs in gen
eral, and of farm building roofs in particular. That these
functions vary depending upon the geographical location and the
purpose of the structure, goes without saying. Briefly stated,
the function of a roof consists in providing structural support
to a covering material, the purpose of which is to protect the
contents of the building by maintaining inside of it such
conditions of moisture, heat, light, air, etc*, as may be
necessary. To achieve these objectives, man has tried out
throughout history many different roofing materials, either
singly or in combinations. Among these roofing materials, only
few enjoy the prestige of sheet steel roofing.
One of the best ways to evaluate steel sheet as a roofing
material, is to list the features of an ideal roof and see how
well they are represented in steel roofings
1, Resistance to fires steel roofing prevents fires caused
by sparks; it does not bum; if properly grounded it
gives good lightning protection, which means lower
insurance in many instances.
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2. Structural adaptability and stability: being of light weight,
steel sheets do not require as heavy a framework as is
needed by some other types of roofing; there have been,
however, complaints that steel roofing is sometimes diffi
cult to hold in place under windy conditions,
3. Resistance to water and the passage of water vaport steel
is impervious to water, and Joints can be adequately
protected.
4. Ease of application: steel sheet can be laid without
skilled labor and with ordinary tools.
5. Low first cost, low maintenance expense, and long life:
steel roofing of proper weight and with adequate paint
protection will enjoy long life; it is vermin proof; it
does not swell in humid weather; thermal contraction and
expansion can be provided for in the design.
6. Insulating properties: steel roofing, by itself, makes it
very difficult to maintain desirable temperatures inside
the building, but in conjunction with other materials can
be made to overcome the objections inherent to a high
coefficient of thermal conductivity (26 for steel vs.
0.087 Btu/(hr.)(sq.ft,)(deg. F per ft.) for white pine
across the grain (23)). However, a comparison of the
thermal conductivity coefficients of wood and sheet steel
overlooks the important role played by the combined con
vection and radiation coefficients. These combined
-3-
coefflcients are usually given as 1.5 for still air and
5.0 for a 15 mile wind. Introducing these coefficients In
the calculation of the overall thermal transmlttance
coefficient U, the following values are obtained:
(a) 28Ga galvanized sheet steel (thicknessi 0.015 inch)
^"0.67 /o +0.20
Tv5 12x26 5
= 1.15 (Btu)/(hr.)(ft.)(deg.p)
(b) white pine (thickness: 1 inch)
TT Z 1 1
V + 1 X 0.67 + 1.04 + 0.20
175 12x0.087 5
= 0.52 (Btu)/(hr.)(ft.)(deg. F)
It is thus seen that sheet steel has a thermal transmlt
tance 121^ higher than that of pine.
7« Good appearance: well-cared-for steel roofing is neat-
looking •
It is thus seen that one of the main problems in the satis
factory use of steel sheet roofing deals with its relative
inability to oppose heat flow, If used by itself. Farmers com
plain that steel covered buildings are hot In the summer and
cold in the winter. To solve this problem, it is req^jired to
conduct such investigations as may be necessary to provide re«
liable data on the performance of various steel sheet roofing
combinations and to evolve designs and design methods of proven
value*
.4-
B. History of the Project
On July 1, 1937» the Agricultural Engineering Section of
the Iowa State Agricultural Experiment Station, under the
sponsorship of the Republic Steel Corporation, and under the
leadership of Professor Henry Glese, initiated Project 562, the
general objective of which was "To improve the construction of
farm structures through a better use of steel" (28), Specific
objectives were listed as follows:
1, To study structural and functional requirements
of farm buildings as they may be related to the
use of steel in their construction,
2» To study properties of steel products not now
well known and to ascertain more fully their
suitability for farm use.
3* To apply the information secured from the above
in the design and construction of experimental
buildings under controlled conditions. (28)
Mr, W. D, Scoates, the first research fellow to work on
the project, In order to select a suitable problem for the
year's work, resorted to making a survey of "The Uses of Steel
In Iowa F^rm Buildings" by means of which he discovered six
problems worthy of investigationt
1* Determination of effect of fence fires on galvanized wire#
2. All-steel individual and combination hog house.
3* Range of temperature under sheet steel roofing.
4. Standardized steel construction for farm buildings.
?• All-steel suspended mow floor barn.
6. Adequate fasteners for sheet steel roofing.
-5-
Faraers and liunbermen being of the opinion that steel
roofs are hot in summer and cold in winter, it was decided to
obtain the evidence either to confirm or to refute that state
ment. Accordingly, the years work was titled "The Range of
Temperature Under Sheet Steel Roofing*.
Eight types of roofing construction were chosen to be in
vestigated, seven of which were of the steel sheet type, the
eighth one being a wood shingle roof. Three of the sheet steel
types of roofing investigated were shown by the survey to be in
extensive use on Iowa farm buildings. A carefully designed
testhouse, incorporating the types of roofing mentioned above,
was erected north of the Agricultural Engineering Building, on
the Iowa State campus. To study the effects of orientation
upon the temperatures under the roofs, the structure could be
turned in either a north-south or an east-west position.
Tests were run on a 24-hour basis from midnight to mid
night, and hourly readings of temperatures beneath the roof,
within the roof, and outside the roof were taken. Records of
outside temperatures, wind velocities and directions were also
kept.
The analysis of the data consisted in the comparison of
temperatures under different types of roofs, in the calcula
tion of the maximum range of temperature variation under diff
erent roofs, in the calculation of the time lag between the
outside air temperature and the temperature under the roof, and
-6-
In the drawing of teniperature drop diagrams within the roof
sections. Tests were rxin in Jitne 1938, once with an east-west
orientation, and once with a north-south orientation. On the
basis of the above analysis, important conclusions were arrived
at.
Mr. W, C. Ives, the second research fellow on the project,
proposed
to analyze how different roof sections, covered with
galvanized sheet steel roofing, retard the flow of heat
through them, due to a difference between the outside
surface temperature of the roof and the inside temper
ature of the air under the roof; and to compare the
over-all ins\jlatlon abilities of different roof sections
to the flow of heat from solar radiation and/or from a
temuerature difference between the Inside and outside
air. (19)
The specific objectives of his study he lists as follows*
(1) To find the factors which affect the amount of heat
entering a given roof section when exposed to solar and
sky radiation, an air temperature difference, or both
these conditions acting simultaneously.
(2) To analyze these factors as to their nature and im
portance in affecting heat flow through a roof structure,
and
(3) To study and compare the relative abilities of differ
ent roof sections covered with galvanized sheet steel roof
ing with regard to their ability to retard heat flow from
solar radiation and/or an air temperature difference.
An analysis of the environmental and physical factors
affecting heat flow was mad®, and methods to measure each
of these factors were presented, A study was made concern
ing the relative abilities of eight different roof sections
to retard heat flow due to solar radiation in summer and
of ten different roof sections to retard heat flow due to
an air temperature difference in winter. (19)
Puring the winter tests the air under the roofing sections was
-7-
electrlcally heated.
The values obtained by Mr. Ives for U, the thermal trans
mittance coefficient, were not considered to be completely sat
isfactory. "To investigate the reasons for the difficulties
encountered in evaluating the thermal transmittance coeffici
ent" (10) was the first specific objective of Mr. A. N. Dingle,
the third research fellov; to work on this phase of the project.
The other specific objectives of that year's work were listed
by Mr. Dingle as follows;
1. The establishment of a different approach to the
evaluation of the factors in force and their
effects on the structure.
2. The evaluation of the physical constants of the
roof sections on the basis of experimental datas
(a) over-all thermal transmittance, (b) thermal
capacity, (c) cooling constant.
3. The determination of the effects of natural
phenomena, such as wind and solar and celestial
radiation.
Mr. W, H. Cox, the fourth research fellow on the project,
summarized his activities as follows:
The objectives of this study were: (1) to evaluate
physical constants to be used in design calculations for
the ten roof sections xmder study in this project, and
to compare the temperatures under the various roof
sections.
These objectives were carried through for both
winter and summer conditions by evaluating heat flow
constants representing the performance of the ten roof
sections studied under the two distinct sets of condi
tions. Using composite figures covering a period of
twenty-one days, thermal transmittance coefficients
were calculated for ten roof sections, both north and
-8-
south facings, representing outward heat flow through
these roof sections under winter conditions. Com
parisons of the temperatures under the roof sections
were made by plotting curves representing the average
temperatures recorded for each compartment and changing
these curves to compensate for the variation in heat
input for the compartments.
Absorptivity coefficients were calculated for the
roof sections, in decimal part of total solar heat
absorbed, for two days during the summer test. This
should be done for additional days to establish the
coefficients more reliably. The compartment temper
atures during the summer test were also compared by
plotting composite temperature curves covering the
period of this experiment.
A practical method of determining solar heat
intensity on a non-horizontal surface from that
measured on horizontal plane was given in the study
of summer conditions. (8)
-9-
II. REVIEW OF TEE LITERATURE
A» Description of the Testhouse
Mp. Scoates erected and Mr, Ives modified a testhouse
(see Figs. 1 to 5)j designed for the investigation of ten
types of roof construction, each designated by a letter, the
description of which followss
Type Description
A 1-1/4" corrugated galvanized sheet steel roofing over
l**x4" nailing strips, 3 feet on centers
B Wood shingles over l"x6" nailing strips, 8" on centers.
C 3 V-crimp sheet steel roofing over 1" x4" nailing
strips, 3 feet on centers.
D 1-1/4" corrugated galvanized sheet steel roofing over
8" shiplap sheathing with aisalkraft paper between
sheathing and galvanized sheets.
E 1-1/4" corrugated galvanized sheet steel roofing over
25/32" insulation board.
F 1-1/4" corrugated galvanized sheet steel roofing over
l"x4" nailing strips, 3 feet on centers, on the outside,
with 25/32" insulation board on the underside of rafters.
-10-
Type Description
0 1-1/4" corrugated galvanized sheet steel roofing over
l"x4'* nailing strips, 3 feet on centers, was placed on
the outside. Flat galvanized sheet steel was placed on
the underside of the rafters and l"xl" stiffener strips
were nailed to the upper side of the flat galvanized
sheets to prevent sagging.
H 1-1/4** corrugated galvanized sheet steel roofing laid
over S'xA" girts, 3 feet on centers, A flat galvanized
sheet steel and l"xl" stiffener strips were placed on
underside of rafters and the intervening space was filled
with a loose cornstalk insulation.
1 1-1/4" corrugated galvanized sheet steel roofing nailed
directly to the rafters, which were spaced properly to
afford nailing at the seams of the steel sheet roofing,
with a 5/l6" sheet of plywood fastened to the underside
of the rafters. Ventilation was provided for the
3-5/8" air space.
J 1-1/4" corrugated galvanized sheet steel roofing nailed
directly to the rafters with flat galvanized steel sheets
fastened to the underside of the rafters, which were
stiffened by 1" 3c2* pieces of lumber nailed to the under
side of the sheet. Ventilation was provided for the
3-5/8" air space.
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II
Fig- 3* Testbouse plans, sheet 2
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Types A, B, C, and D were selected from conventional roof
constructions fotmd on Iowa farm buildings. Types E and F were
chosen to bring out the influence of structural insulation
board at different locations. Type G was aimed at the exclusion
of solar radiation, while type H was included to determine the
effects of heavy insulation on temperature range and time lag.
Types I and J were added to study the effects of air circula
tion within the roof section. The typical one-half pitch roof
was selected as being of the most efficient inclination in re
ceiving impinging solar radiation. The compartments were insu
lated from each other. As stated before, the testhouse could
be oriented in either an east-west or a north-south position.
Numerous iron-constantan thermocouples were placed above,
within, and beneath the roof sections. Temperature readings
were taken with a Leeds and Northrup moving coll reflective
type galvanometer, with a scale calibrated In degrees Fahren
heit. Wind velocities were obtained the first year by means
of a wire anemometer working on the thermocouple principle,
and the second year, by means of a Frlez three-cup anemometer
mounted on a 17 foot tower, located 12 feet east of the test-
house.
During the winter heat was supplied to the compartments
by electric strip-heaters, carbon filament lamps, and electric
radiant heater elements, all placed within blackened tin cans,
in order to reduce the surface temperature of the heaters. The
-17-
heat input into each compartment was determined by separate
amperage and voltage readings. Solar and celestial radiation
data were taken with a pyrheliometer and a pyranometer. For
specific details concerning the testhouse the reader is referred
to the original theses.
B. Previous Work on the Project
1. (^938?
As stated in the introduction it was desired to investi
gate the validity of the opinion of many farmers that steel-
covered buildings were hot in siumner and cold in winter. Mr.
Scoates (28) outlined his proposed work to that effect as
followst
(1) To obtain data on the differences in range of
temperature between inside room temperature and
outside air temperature on the types of roof
construction described under II, A.
(2) To obtain data on the actual time and temper
ature lag on each type of roof construction.
(3) To plot the temperature drop diagrams for each
type of roof construction.
(4) To study the effect of orientation with respect
to the sun, on the interior temperatures.
After the erection of the testhoiise designed for collect
ing the above characterized data, readings of temperatures
were taken at hourly intervals from midnight to midnight, first
in an east-west orientation on June 18, 1938, and second, in
-18-
a north-south orientation of the testhouse on June 23j 1938*
The temperature readings that were taken included: 1, the out
side dry-bulb temperature; 2, outside wet-bulb temperature;
3, outside temperature one inch above roof; 4, outside sur
face temperature of roof; temperatTires at various points
within the roof section; 6, inside surface temperature of roof
section; 7, inside temperature one inch below roof section;
8, compartment temperature twelve inches below roof section;
9, compartment temperature twenty-four inches below roof
section. The air velocities were also taken.
For each facing, the compartment temperature, twenty-
four inches below the roof section, was plotted for each com
partment against time, starting at midnight, thus enabling one
to find easily at a glance the compartment temperature at any
hour of the day for all compartments. From these graphs
tabulations were made of the maximum and minimuiu temperature
reached by each compartment. The temperature range of these
compartments was then expressed as a percentage of the outside
air range during the same period. Also, the time lag between
the occurrence of the maxima and minima temperatures under the
roof sections and in the outside air was calculated from the
graphs. Lastly, temperature gradient diagrams within the roof
sections were drawn.
In an analysis based upon the above described method Mr.
Scoates arrived at the following conclusions:
-19-
1, Roof section D reached high inside temperatures when sub
jected to intense solar radiation.
2« Placing the 25/32 of an inch insulation board beneath the
rafter (type F)rather than directly underneath the steel
sheet (type E) resulted in smaller temperature variation
when solar radiation was intense.
3« The use of steel sheet beneath the rafters (type G) gave
the same effect as that of structural board (type F) in
the same location; an examination of the temperature
gradient diagram discDosed that^ as expected, the board
absorbs a great part of the drop because of its insulating
value, while the steel sheet is using its reflective power#
4, The maximum outside surface temperature on galvanized
roofs was only 8 per cent higher than that on wood shingles,
5# The presence of loose-fill insulation material between two
steel sheets (type H) minimizes the temperature range
under the roof. Of all the sections under consideration,
this one was the warmest at night and the coolest during
the day,
6. Ko recommendations as to the most efficient orientation of
the testhouse could be given.
To Mr, Scoates' conclusions the following remarks may be
added:
1. Comparing wood shingles with galvanized steel, it is seen
that the compartment temperatures under the roofs covered
-20-
wlth corrugated steel, 3-V crimp sheets, and corrugated
steel with adjacent structural board, were higher than
those under wood shingles. Temperatures under corrugated
steel with insulation board at the underside of the rafter,
corrugated with a plain steel sheet at the underside of
the rafter, with or without loose-fill insulation, were
lower than those under wood shingles. This situation
occurred only when solar radiation was an Important
factor, such as on bright days and on southern exposures.
When solar radiation was not important, such as on a
cloudy day or at night, the reverse of the above remark is
true, i.e., xuider corrugated steel, 3-V crimp sheets, and
corrugated steel with adjacent structural board, the
temperatures were lower than under wood shingis, though
the temperature differences are small compared to the ones
involved when solar radiation was important*
2, Corrugated steel with adjacent insulation board (type E)
had a performance almost completely Identical to that of
wood shingles.
3» No significant difference could be found between tempera
tures beneath corrugated steel and 3-V crimp sheets,
4. During daytime the corrugated steel, sisalkraft paper, and
shlplap combination (type D) gave the highest compartment
temperatures, while section H (loose-fill insulation be
tween two galvanized sheets) gave the lowest temperatures.
-21-
5« As a rule, the compartment having the highest temperature
during the day had the lowest temperature at night.
The accurate measurement of surface temperatures always
requires special care. Mr. Scoates' thermocouple system was
later improved upon by Mr, Ives, the next research fellow on
the project, wherever such amelioration was possible and advis
able.
The time available to Mr. Scoates was mostly taken up by
the design and construction of the testhouse. Though he
successfully carried out his objectives, numerous additional
problems about heat flow awaited a solution. Such was the
situation when Mr. Ives took over.
2. Ives (IQ^Q)
In the Introduction to this thesis, Mr. Ives (19) out
lined his objectives as follows:
The purpose of this study is to analyze how different
roof sections covered with galvanized sheet steel
roofing retard the flow of heat through them due to a
difference between the outside surface temperature of
the roof and the inside temperature of the air under
the roof and to compare the overall Insulation abilities
of different roof sections to the flow of heat from
solar radiation and/or from a temperature difference
between the inside and outside air. The following
specific objectives have presented themselves to be
solved in order to supply the essential information
needed for an analysis of the problem: (1) To find
the factors which effect the amount of heat entering
a given roof section when exposed to solar and sky
radiation, an air temperature difference, or both
of these conditions acting simultaneously; (2) to
analyze these factors as to their nature and impor
tance in affecting heat flow through a roof structure^
-22-
and (3) to study and compare the relative abilities
of different roof sections covered with galvanized
sheet steel roofing with regards to their insulation
properties to stop heat flow from solar radiation
and/or an air temperature difference.
After analyzing the ways in which heat flows through a
thermal obstruction due to the combined effects of radiation,
convection and conduction, Mr. Tves described the factors
affecting such flow and classified them into physical ones,
completely determined by the material characteristics of the
roof, and the environmental ones which vary with weather
conditions.
A review of current methods of computing heat flow is
then given together with their relevance or irrelevance, as
the case may be, to Itr. Ives' problem. It is to be noted that
all the methods that were presented apply only to steady-state
conditions of heat flow, i.e., the temperature at all points
of the material opposing heat flow remains invariable with
respect to time. That such a situation is only realized for
very short periods of time is apparent.
In siHtmier-time a considerable amount of the heat received
by the testhouse has its immediate origin in solar radiation#
Mr. Ives made a thorough analysis of the components of such
radiation and of their effects on variously oriented and
located structures. Graphs for finding the altitude and the
azimuth of the sun at any time at Ames, Iowa, were also
presented.
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The preceding year, Mr. Scoates determined wind velocities
by means of a thermocouple Junction located on the roof. To
get more reliable results than were available by the thermo
couple method, Mr. Ives installed a Friez three-cup anemometer
on top of a 16 foot tower located near the testhouse.
Two sections were added to the original eight, built by
Mr, Scoates, to enable the study of ventilation of the air
space enclosed by sheets fastened to each side of the 2* x 4"
rafter (types I and J). Wherever possible, the thermocouple
system was refined to give better measurements of surface
temperatures.
During the 24-hour test period complete hourly sets of
compartment temperatures were taken. The odometer dial of tte
three-cup anemometer was also read at hourly intervals making
possible the calculation of average wind velocities. To
these experimental data were added various weather notes con
cerning the direction of the wind and the cloudiness of the
sky, A total of twenty experimental runs were made, with the
following monthly distribution: five in June, five in July,
four in August, one in September, three in October, and two
in January. One of the January runs was made with the com
partments artificially heated. In these tests the orientation
of the testhouse was varied in order to determine its effect
on compartment temperatures.
The results yielded by the tests were presented as follows:
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(1) Diagrams were drawn of the temperature gradients within the
different roof sections.
(2) For each run the temperature inside each compartment was
i)lotted against time, starting at midnight.
(3) Diagrams of the relation between outside air temperature,
compartment air temperature, and outside siirface temper
ature for each of the eight sections, under summer weather
conditions were also drawn.
From these diagrams and curves the following criteria of
the thermal performance of the different roof sections were
obtained: (1) Maxima and minima compartment temperatures,
(2) The maximum range of variation of compartment temperatures,
(3) "The maxima rates of increase and decrease of compartment
temperatures, (4) The average rate of change of compartment
temperatures, (5) The range of the air temperature inside each
compartment expressed on a percentage basis, using the out
side air temperature range over the same period as base.
Discussing his results in connection with the measure
ment of the temperatures at the outside surface of the galvan
ized steel, Mr. Ives reported the following interesting fact.
The temperature at that location was observed to fluctuate
very rapidly on a day when the sky was partly clouded and when
there was little air movement, the range being 10*^ over a
period of ten minutes. To obtain a complete record of the
fluctuation of the outside surface temperature, Mr. Ives con
sidered readings taken every two minutes sufficient. Obviously,
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th© most practical way to obtain such data would be an automatic
recorder. In the absence of such a recorder it would be best
to resort to an analysis of heat flow based on factors other
than outside surface temperatures. The temperature of the air
within the compartments was found to fluctuate in such a manner
that hourly readings were adequate enough to study the temper
ature variation.
North-south and east-west orientations of the testhouse
had different effects upon the compartment temperatures. The
effects of wind and solar radiation upon the testhouse varies
with the orientation of the testhouse. Mr. Ives showed that
the direction of Iowa winds is such that their net yearly
effect upon roof temperatures is independent of the orientation
of the roof, but the heat received by the testhouse roof from
solar radiation Is definitely dependent upon the orientation
of the testiiouse, and upon the pitch of the roof. However, no
conclusions concerning the effect of orientation upon the per
formance of farm roofs could be gotten from the testhouse data.
It will be recalled that the testhouse compartments have a
central partition, which feature is absent in most farm build
ings. The effect of such a partition is to modify the alp
circulation under the testhouse roof to a point where It is
not comparable to that under actual farm roofs.
The problem of insulating farm building roofs would be
nearer solution if surface temperatures, which rise consider
ably above the outside air temperature on hot summer days, could
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be reduced. The cause of this rise is the impinging solar
radiation. Only a small fraction of this radiation, not exceed
ing 20% in the case of very dirty galvanized steel, as occur
ring in practical instances, is reflected. In this connection,
King (22, p. 494) states that
for slotted, finned, or corrugated surfaces of
any materials, the value of the effective emissivity
approaches unity as the relative depth of the slot
increases.
Galvanized steel, when it is new, has a reflectivity of 30 to
40^, but is easily affected by weathering. Clearly, a roof
ing material with a permanent high reflectivity coefficient
would be an important step in the improvement of the thermal
properties of galvanized sheet steel.
Compartment D reached extremely high temperatures in the
summer. Part of this result was due to the fact that
sisalkraft paper has little insulating value for
transmitted heat. Its main feature is in the
reduction of air infiltration, which is winter
would be desirable, but undesirable in summer time,
(19)
In type F about half of the temperature drop occurred in the
air space, while the other half took place in the structural
board.
During one of the January runs the compartments were
electrically heated with Mazda lamps and carbon filament
lamps. These heating units were installed to study the be
havior of heated building roofs under winter conditions.
Approximate conductivity coefficients were used in the design
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of these heating units. Five hours or more before the beginning
of the run the current was turned on to enable the compartments
to reach "steady-state" conditions# During the run compart
ment temperatures were taken and the heat input determined by
means of a voltmeter and an ammeter* In the calculations the
representative compartment temperature was taken to be the
average of the temperatures one inch, one foot, and two feet
from the inside surface of the roofing. The air-to-air temp-
perature difference was computed from the inside temperature
one inch from the surface and from the outside temperature
one inch from the surface. Taking into account heat losses
through partitions and floors, values for the over-all trans-
mittance coefficient IT were computed.
These values turned out to be quite erratic, e.g.,
values for compartment A north ranged from 0.86 to 1.36 Btu
per hour per square foot per degree Fahrenheit. No relation
was apparent between sky cloudiness and the variation of U.
The U for any one compartment increased with the wind velocity,
and, as a rule, was higher than its value computed from hand
book tables. Ives ascribed the discrepancy to air infil
tration. That the values of U were computed on the assump
tion that steady-state conditions of heat flow had been
attained, Is another possible explanation. Among the conclu
sions of the winter heating test, the following are of
interest!
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(1) Under the same conditions, type G possessed less resist
ance to heat flow than type P.
(2) Solar radiation for winter weather conditions
materially affects the amount of heat flow through
a structure, but due to its inconsistency it should
be neglected when designing for raaximuin heat loads
in winter. (19, p. 149)
(3) The effect of a 12 mph, increase of wind velocity on the
value of U for the well insulated roof sections, such as
type H, Was small, while for those with little insulation,
such as types and C, the value of U increased approxi
mately 50^.
3. Dingle (194-0)
It will be recalled that Mr. Ivos only partially succeeded
in securing physical constants truly characteristic of the per
formance of the various testhouse roof sections. One of these
constants was the over-all therrral t ransmittance coefficient
U. Mr. Dingle (10), after inr^jiring into the reasons for
the difficulties encountered in the evaluation of TT, decided
to make a very extensive theoretical analysis of the heat
flow problems presented by the testhouse. The findings of
such an analysis were then to be applied to experimental
results.
It is generally known, assuming steady-state conditions
of heat flow, that the over-all thermal transmittance coeffi
cient U of a roof section is determined by the equation
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TJ - 0 (1)
AWj-Td)
where Q is the heat loss from the compartment throtigh the roof
in Btu per hour per square foot per degree Fahrenheit, A is
the area of the roof in square feet, and T£ and are respec
tively the inside and outside temperature in degrees F. How
ever, TJ is not a constant. Its value depends not only upon
the material characteristics of the roof section, but also on
a combined convection and radiation coefficient (sometimes
called surface film transmission coefficient) which, of course,
varies with wind and solar radiation, as well as temperature.
For more information on this subject the reader is referred
to Brown (5, P« 64). Mr. Dingle, then, separated the two
components of IT, the first one being f^, the combined con
duction and radiation coefficient, and the second one being
P, a "transmittance constant®*, so determined as not to depend
on the outside air temperature. The value of P was established
by the equation
P = , 0 (2)
A(Ti-Tos)
where is the outside surface temperature of the roof. The
combined coefficient, fp, can be easily determined by the
equation
U P
where the values of TT and P are calculated from formulae
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(1) and (2)« PtLPSulng his analysis of f^, I4p. Dingle
separated it into its conduction, convection, and radiation
components#
The temperattire under a roof is affected not only by TJ,
but also by its thermal capacity and the time lag, defined as
the time period between the occurrence of maxima values of
and T^j» The time lag L was shown to depend on U and on
the thermal capacity of the roof, M, where
M = cpv (4)
in which c is the specific heat of the roof section, p the
density of the roof section, and v its volume. If one con
siders only unit area of the roof section, then the time lag
L is defined by
L « 2
U (5)
where m = M/A, It is convenient to consider the reciprocal
of L, k, rather than L itself, as a characteristic of each
roof section. Then,
k = 1 = U (6)
L m
On the basis of physical and mathematical computations,
a formula for Tj^ (the Inside compartment temperature at the
end of the nth time unit) was derived in which the quantity
kt (where t represents time) was found to be an excellent
criterion of the thermal performance of a structure. For k
approaching zero, the inside temperature of the building
becomes more and more independent of the outside air
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temperature. As k becomes larger in value, the resultant in
side temperature "becomes independent of its initial value and
dependent upon the outside temperature.
Another approach to the problem was by means of Newton's
law of cooling
T - T^e-kt (7)
where T is the temperature difference between the inside and
outside air, Tq is the temperature at time zero, e is the base
of Napierian logarithms, k is a cooling constant, and t is time.
This law was originally derived for stirred liquids within thin-
nailed containers and is applicable only for temperatiore differ
ences not exceeding 609F. Dingle showed that the k occur
ring in his formula for is identical to that of equation
(7). A cooling experiment would then be a convenient method
for evaluating the k of each compartment.
Knowing V and k from equations (1) and (7), the thermal
capacity of the roof sections can be found by means of relation
(6), The thermal capacity m, being independent of wind and
radiation, is a constant. Its value can then be checked by
m= P (8)
where k' is determined from (7) with T being the temperature
difference between the inside air and the outside surface, thus
eliminating convection and radiation effects, just as in P. The
fact that each roof type occurs in two facings, affords two
independent evaluations of m, which can thus be checked.
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From the knowledge of m, Tj^, T^, and the electric heat in
put, the heat input from solar radiation can be easily computed
as well as the "effective absorptivity" of the roof, defined as
the fraction of heat from solar radiation which reaches the com
partment ♦
Before running the main test, which would provide the bulk
of data to be analyzed by the foregoing methods, the testhouse
was recaulked and a preliminary run undertaken. The record
Hanks used by Mr. Ives were adopted.
An analysis of the preliminary results disclosed, against
all expectations, that the values obtained for P were not con
stant, as they should have been. Part of this discrepancy was
explained, in the case of roof sections containing an air space,
by the variation of the combined convection and radiation coef
ficient with temperature. However, the discrepancies in the case
of roof sections without an air space remained unexplained.
Among the conclusions of the preliminary test, the follow
ing are of interest:
(1) As the wind velocity increases, so do the values of U,
(2) As solar radiation increases, U decreases. This phenomenon
is duly explained by Mr. Dingle.
(3) As solar radiation increases, so do the values of P.
Before running the final tests, the galvanometer used in
conjunction with the thermocouple system was freed from vibra
tions by mounting it on a stand set in concrete^ separate from
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the testhouse. The hatchholes were better insulated. Lightless
heaters were installed. A recording mercury thermometer for the
outside air temperatiire was fastened against the inside wall of
the testhouse.
Final tests were run from February 6 to February 27, 19-^0,
during which Interval the outside air temperature varied from
-16®P to 45®F, a range q^lte representative of Iowa winter
weather. At the end of the test period, during which hourly
temperature readings were taken, as described under II, A, 1,
the heaters were turned off In the evening. During the cooling
of the testhouse, frequent temperature readings were taken.
Results of the cooling tests were analyzed as followsf
(1) Graphs for each compartment of and Tqs against time
were draim.
(2) Cooling curves, I.e., log(Tj-T3), logCTj-T^g) plotted
against time, were drawn for each compartment. These
curves, though generally slightly concave upwards, were
fitted with straight lines by the least squares method.
The slope of these lines, the k of equation (7) was then
computed for the period during which the variation of T^
was a minimum,
(3) From the values of k, U, P, and k', mwas computed.
The comparison of values of m, of the same type of roof con
struction showed both very good and very bad agreement. A com
parison with the theoretical values of m, as computed from
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handbook tables, was rather disappointing. Values of k for com
partments A, C, and D were very consistent. As to the thermal
capacity m, Mr. Dingle's opinion Is that "the principal short
coming of the m values Is that they are not sufficiently sub
stantiated by similar values from separate data". (10, p. 100)
4. Cox {1Q41)
During the preceding investigations various quaslconstants,
characteristic of the different roof types, were determined.
Their adaptation for use in design became Imperative at this
state of the investigation. This adaptation was carried oiit by
Mr. Cox (8) by a method of averages designed to yield repre
sentative constants usable under Iowa winter and summer condi
tions.
The reader will recall that in February 1940 Dingle
acciimulated a mass of raw data which had not been completely
analyzed. From these data Mr. Cox proceeded to obtain repre
sentative values of the thermal transmittance coefficient for
each compartment. That experiment having lasted twenty-one days,
for each hour of the day there were twenty-one temperature
readings. These, averaged over the twenty-one days, were plot
ted for each compartment against time, starting at midnight.
The outside air temperature was likewise averaged and plotted
on the same chart. Then the area between the compartment
temperature curve and the outside air temperature curve was
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measured with a planlmeter. This area divided by the length
of the x-axls yielded a composite ter^perature difference for
each corapartment, to be used in equation (l). Knowing the com
posite for each compartment and the average daily heat In
put, heat losses through partitition walls and floors were conw
puted. These heat losses subtracted from the heat Input gave
the heat flowing through the roof. Using equation (1) values
of U were comptTted for each compartinent. Among Mr. Cox's con
clusions, the following are interesting:
fl) The IT values for southern compartments were higher than for
the northern compartments, except for type J, This
exception was not explained,
(2) Compartment C had better insulating properties than type
A,
(3) Compartment F performed more satisfactorily than did
compartment G.
The winter ODmpartment temperature data were not directly
usable as the compartments received imequal heat inputs. Mr.
Cox put these data In a usable form by coMpensatlng for the
differences in heat input. His results were presented in chart
form and give an answer to the question, "Which of the roof
sections will permit higher temperatures under winter conditions
v;ith the same heat supply?" (8, p. 63). Using these curves, the
compartment reaching the highest temperature could be said to
be the best Insulated one. For instance, type F was better than
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G, and type D better than E.
To determine the absorptivity of the roof section, I.e.,
the decimal part of solar heat impinging upon the roof which
reaches the inside of the compartment, it was required to deter
mine (a) the solar heat input, and (b) the heat gain of the
compartments. Two relatively cloudless July days were selected
for these calculations. The solar heat input was computed from
the pyrheliometer charts. From the composite values of U and
k, values of m were obtained. Multiplying the heat capacity m
by the rise in temperature gave the heat coming in through the
roof. Dividing that figure by the solar heat input, as defined
above, yielded the desired absorptivities. The effect of vary
ing outside temperature was partially eliminated by dividing
the absorptivities by the change in outside air temperature
during the period of observation. This method gave consistently
satisfactory results. Compartment A, e.g., had a higher
absorptivity than compartment C, which has been readily explained
by King (22) In a citation already quoted.
Composite temperature curves were also drawn for summer
test results. The effect of facing is evaluated by Mr. Cox as
follows!
Under summer conditions, facing made very little
difference in maximum temperature or temperature range,
but the time of maximum temperature was later for north
facing compartments than for south facing compart
ments. (8, p. 91-2)
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C. Related V/ork Done Elsewhere
A very extensive literature on heat flow is in existence.
Surprisingly enough, very little of it has any bearing on the
problem studied by this investigator and his four predecessors.
It was deemed unnecessary to duplicate the review of the liter
ature in the theses of Messrs. Scoates, Ives, Dingle, and Cox,
to which the reader may refer. Since the last review of the
literature by Mr. Cox, in 1941, an Interesting contribution was
made to the techniques used in studying he^t flow.
Pashkis and Baker (24), exploiting the complete similarity
between the differential equations governing the flow of heat
and those governing the flow of electricity, have constructed
at Columbia University an elaborate apparatus designed to solve
heat flow problems of many kinds, which would have remained
otherwise insoluble or solvable only for simple and trivial con
ditions. The difficulties encountered in heat problems are such
that even the
experimental solution of industrial problems of un-
steany-statp he^t transfer, depf^nding on inserted
theripocouples or other therraometric devices and on
some means of measuring r'-ite of heat transfer, is
difficult, expensive, and often impossible und#^r
service conditions. (24, p. 105)
In the electrical method, given a certain heat flow problem,
©♦g*, that of the present investigation, the differential
equations governing heat flow under the particular conditions
were set up. As a rule, the boundary conditions in these
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differential equations are of such a nattire that analytical or
even graphical solutions are of a very limited application. The
electrical counterparts of these heat flow differential equations
were then considered and a model set up where electrical re
sistances represented thermal resistances; electrical capacities,
thermal capacities; and electrical potential, temperature.
These electrical quantities could be made to vary to represent
the thermal variations in the original problem. Electrical
measurements were then taken with extremely sensitive instru
ments and "translated" into their heat meanings.
The advantages of such an electrical method are obvious:
many kinds of heat flow problems can be solved without diffi
culty, once the model is set up. The time required for the
electrical solution of heat transfer problems, as compared with
that required in the thermal solution, can be shortened ad
libitum.
Although, obviously, the use of electrical models in the
present investigation is out of the question, it should be kept
in mind by other researchers.
At several places in the preceding pages the author has
drawn attention to the distinction between the steady-state and
the unsteady-state of heat flow. The easiest and most con
venient methods of thermal analysis are based upon the assump
tion of steady-state heat flow. In only one Instance Imown to
the author has there been an attempt at applying the equations
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of heat flow to unsteady-state conditions similar to those of
this investigation. Alford et ^ have described and tested
a practical method for calculating the heat flow
into the interior space as a function of the
thermal properties of the wall, the surface coeffi
cients and the variable quantities of outdoor temper
ature and solar intensity when the wall structure is
homogeneous. (1, p. 370)
Unfortunately this method could not be used in this in
vestigation without making major modifications in the testhouse,
almost entirely impossible tmder war-time conditions. Another
serious factor preventing the use of the above described method
is that It is applicable only to walls and roofs of homogeneous
construction, which is not the case for the majority of roof
types represented in the testhouse.
Obviously, the researchers working on this project had to
fall back on adaptations of steady-state methods, for which the
interested reader is referred to the earlier theses.
-4.0.
Ill, THE EXPERIMENT
A. Statement of the Problem
During the preceding investigations data were accumulated
for many different conditions ranging from hot summer days to
cold winter nights. The summer data are quite satisfactory,
but the winter data need supplementing. Heretofore, winter
data were obtained from tests in which the electric heat in
put into each compartment was constant, save for small uncon
trollable fluctuations in amperage and voltage. As a result
of this method of heating, the inside air temperature varied not
only from compartment to compartment, but also within a given
compartment as a function of the outside air temperature. To
compute the net outward flow of heat through the roof sections,
it was necessary to make corrections for heat flow through the
partitions between the compartments.
After a thorough study of all the work previously done on
the project, it was decided to remedy this situation and to
take as general objectives of this year's work (1) the con
struction of a heating system of the testhouse which would
maintain a constant temperature within the compartments, regard
less of outside air temperature fluctuations, and (2) the ob-
tention and analysis of v/inter data yielded by tests with the
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above-characterized heating system,
A heating system satisfying the above requirements would
consist of a teater in each compartment, thermostatically
controlled, and of a kilowatt-hour meter connected to this
heater, so as to measure the cumulative heat input into each
compartment. This heating system was to be used as follows:
At the beginning of the test, the heaters in all the
compartments woi^ld be turned on and after waiting several hours
for the structure to each a dynamicfil thermal equilibrium
with the environment, meter readings, corr.partment temperatures,
and wind velocities v:ould be taken daily at 9 sm and at 4 pm.
All the while the Microrar.y recorder would be I'-egistering the
solar heat impinging upon the testhouse roof*
Knowing the temperature difference between the inside and
the outside eir and the thermal transmittance of the compart
ment floors, the floor loss through eech compartment could be
computed. Converting the energy consumed from kilowatt-hours
to British thermal units, adding to it the solar contribution,
and ?^ubtrpcting from it the floor loss, tbe net heat flow
tlirough each compartment roof could be obtained. Knowing the
net heat flow and the average temperature difference between
the inside and outside nir, values of U, the over-all thermal
transmittance coefficient, could be computed.
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B, Improvements of the Testhouse
1. Thermostats
As It was desired to maintain constant temperatures with
in the compartments, twenty Minneapolis-Honejrwell thermostats,
type T42A, were purchased and installed, one in each compart
ment, at the center of the middle partition. These thermo
stats are of the type used in line voltage circuits to control
heating systems in residences. They are provided with a
bellows actuated mercury switch, make contact on temperature
fall, have a 2 to 3*^ non-adjustable differential, and are
designed to carry a load of 8 amps, at 11? volts. Further
information on this type of thermostat can be gotten from the
descriptive notice in the Appendix, These thermostats were
first set, as accurately as possible, to come on at the same
temperature, namely, 76^^,
2, Heaters
Under Iowa climatic conditions winter temperatures may
be expected to go down as low as -35®F« Accordingly, the maxi
mum heating load was taken to be a temperature difference of
760f - (-350F) or lllOF,
To provide the necessary heat, 66O watt, 115 volts,
screw-base type, nichrome wire electric radiant heater elements
were chosen. These heaters, connected in series with the
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thermostats (fig. 6), were mounted on porcelain sockets fastened
at one end of a galvanized wire about a foot and a half in
length. The other end was fastened at the middle of the 2" x 4"
rafter. To facilitate the production of convection currents,
with a resulting more uniform air temperature throughout each
compartment, the heaters were placed in an off-center position.
Instead of enclosing the heaters in blackened tin cans, as was
done by previous investigators, they were left in the open. A
high-temperature heat source is a much better cause of convection
currents than a low temperature one.
3. Relays
To guard against the effects of possible line voltage
fluctuations, it was intended to provide compartments A, B,
C north, and A south, with 1000 watt heaters, as these compart
ments could not be kept at the desired temperature with 660
watt elements, were the line voltage to drop below 90 volts.
To prevent Injury to the thermostats due to a load of 9 amps,
of the 1000 watt elements, General Electric relays were pur
chased and installed in the above mentioned four compartments.
The specifications of these relays are; 15 amps., 110 volts,
60 cycles, open contactors; CR 28lO-1265g; catalog number
266653OGI. Fcr further information on these contactors the
reader is referred to the description notice in the Appendix.
However, because of war-time delays, the 1000 watt heaters
T.
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Fig. 6. Heating system
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were unobtainable before the beginning of the tests. As in the
preliminary experimental rims the line voltage was never found
to drop below 10? volts, it was decided to use 660 watt
heaters in all compartments#
4. Transmission line
The transmission line used during preceding investiga
tions was definitely inadequate for the new heating system.
As a matter of fact, it was found that the old transmission
line had a 50 volt line drop, which was, obviously inaccept-
able. Instead of keeping the transformer in its old location,
one thousand feet away from the testhouse,. a new ten kilovolt-
ampere transformer was installed on the last pole of the trans
mission line, about forty feet from the testhouse, thus
minimizing the line drop (fig. 1). The main line, up to the
transformer, carries close to 2400 volts, which are stepped
down to 110 - 220 volts. The 110 - 220 volt wires leaving the
transformer were brought overhead to an 18 foot, 4" x 4" mast
planted against the north side of the instrument cabin, and
through a pipe to a main switch box located in the cabin,
(fig. 6)
Shields
Because of the nature of the heat source in the compart
ments it was necessary to shield the thermostats and the
-•4-6"
thermocouple hot junctions from impinging radiation originat
ing from the heaters. Shields, made of very bright, light
weight, tin sheet, were installed in such locations as to
intercept and reflect heat rays travelling from the heaters
toward the thermostats and the thermocuople hot junctions.
Although these shields, because of their baffling action, impede,
somewhat, convection currents, their use was indispensable to
prevent errors due to radiation effects.
6, Electric meters
To measure the amount of electricity required to maintain
the desired temperature in each compartment, kilowatt-hour
meters were installed in the instrument cabin (fig. 7) and
each one of them connected, on the load side, to a compart
ment heater circuit, and on the line side, to the 110 volt
line via a fuse and a toggle switch. Sixteen 5 amp,, 110 volts,
Westinghouse OA meters and four 10 amp., 110 volts, Sangamo
meters were obtained from the City of Ames Meter Department.
The 10 amp. meters were connected to the compartments to be
heated with the 1000 watt elements. All meters were tested by
the Ames Meter Department and certified to register within
0,2^, at full load. To make sure that the meters remained un
harmed and in good condition during the transportation and
installation, they were again tested ^ situ by the present
investigator, and found to be within the above limits of
accuracy.
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Fig, ?• Meter panel
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Pig. 8, Thermocouple panel
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7. Recording thermometer
A Taylor recording mercury thermometer was installed on
the north side of the Instrument cabin, near the thermocouple
panel, (fig. 8) The capillary tubing connecting the bulb to
the recorder was passed through a hole drilled to that effect in
the wall of the instrument cabin. The bulb itself was fastened
three inches below the floor of compartment F north, where it
is in a good position to measure the outside air temperature.
To prevent any tampering with the therraometer bulb by passers-
by, it was protected with wire mesh.
8. Thermocouple system
A sample of the iron and constantan wire used in the
thermocouples of the testhouse was taken and used in a thermo
couple which was carefully calibrated from -^35^^ to 85°F« The
calibration was carried out with the portable Leeds and Northrup
potentiometer to be used during the tests. Temperatures below
freezing point were obtained by dropping dry ice into an un-
silvered Dewar flask containing alcohol. The "hot" junction
of the thermocouple was then placed in the alcohol together
with an accurate mercury thermometer. The "cold" junction was
kept in an ice-water mixtiire. The alcohol was left to warm
up very slowly from -350F to 32^?, and at frequent intervals the
emf, together with the corresponding temperature as indicated
by the mercury thermometer, was recorded. A similar procedure
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was followed for temperatures from 32*^ to The results
of this calibration were plotted on a chart and a second degree
equation in the emf was fitted to the curve. The graph of this
parabolic equation was to be used during the tests to determine
compartment temperatures, (Figs, 9, 10) The thermocouple
panel terminals, which had become quite rusty, were cleaned
with sandpaper to insure good electrical contact, (fig. 8)
9« Roofing repairs
To prevent the vitiation of test results by infiltration
through the roof sections, any loose steel sheets were nailed
down and the testhouse was thoroughly caulked. The venti
lators of compartments I and J, used as dummies in this test,
were plugged up with burlap sacks partially filled with saw
dust.
10. Anemometer
The Priez three-cup anemometer with its integrating
odometer was mounted on the wind tower near the testhouse.
(fig . 1)
11* Pvrhellometer
The Eppley pyrheliometer was mounted on top of the 100
foot windmill tower located north of the Agricultural Engineer
ing building. It was placed at a 45 degree angle below the
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horlzontal, facing south, thus having Its receiving element
parallel to the south facing of the testhouse roof. This
position eliminated cumbersome trigonometric conversions which
would be present if the receiving element were in a horizontal
plane. The Micromax recorder, which registers the etnf gener
ated by the pyrheliometer, was repaired and adjusted.
C. Method of Procedure
After the equipment of the testhouse had been checked and
everything found In running condition, the compartment hatch-
holes were closed and the heaters turned on. The heating system
was allowed to operate for more than half a day before data were
collected. Once the test period had started, the heating system
was left operating undisturbed. Thermostats located inside the
compartments started operating to maintain the desired temper
ature inside the compartments regardless of outside temperature
fluctuations. During the test period data were collected twice
daily. Every morning around 9*00 o'clock readings were taken
from the kilowatt-hour meter dials and recorded on a data sheet
prepared for this purpose. Also the temperatures inside the
compartments, two feet from the roof section, were entered on
the data sheet. The object of taking the temperature readings
in the morning was to keep a close check on the operation of
the heating system. The morning's readings were completed by
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the addition of wind velocity and wind direction information.
Every afternoon around 4:00 o'clock kilowatt-hour meter read
ings were again taken. A complete set of compartment temper
atures was recorded on the data sheet. (Fig. 11) As in the
morning, wind velocity and wind direction information was
entered on the data sheet together with an indication of the
degree of cloudiness. The line voltage of the heating circuit
was also measured and recorded.
The Taylor recording mercury thermometer was keeping a
continuous record of the outside air temperature during the
test period. The Kppley pyrheliometer, also in continuous
operation during the test period, gave a record of the solar
heat intensity impinging upon the south facing of the test-
house roof.
Two experimental runs were made. The first one, of a
preliminary nature, lasted from Jan, 31 to Feb. 2, 1944, with
the thermostats set to come on at 76®F« The second run lasted
from Feb. 4 to Feb. 12, 1944, with thermostats set at 80°F,
The outside air temperature during the tests ranged from 55®F
to -12.
D. Calculations of TJ
After sufficient data had been accumulated the kilowatt-
hour meter readings were tabulated. The two tests were sub
divided into periods which were numbered according to the
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scheme of Tables DC and XIV (see Appendix). To facilitate
calculations the data of the main rtin were split into two parts.
From the meter readings tabulation, Tables VI, X, and XI were
made in which the current consumption at the end of each period
can be found. The current consumption at the end of any period
was found by subtracting the meter reading at the beginning of
the run from the meter reading at the end of the period in
question. Multiplying the number of kilowatt-hours by 34^13
the amount of heat furnished to each compartment was then ob
tained in Btu's.
In order to calculate the values of U, which will always
in this thesis be expressed in Btu per hour per square foot per
®F, for the different compartments, it was required to know the
average temperature difference between the inside and the out
side air over the periods for which the value of U was sought.
The outside air temperature was plotted from the Taylor
thermometer charts. (Figs. 13, 14, and 1?) Ordinates were
erected from the points of the abscissa corresponding to the
times at which meter readings were taken. To find the average
temperature difference for some period between the outside air
and some other constant temperature, it was sufficient to
measure with a planimeter the area bounded by the ordinates
marking the beginning and the end of the period, the outside air
temperature curve, and the constant temperature line drawn
parallel to the X-axis. Dividing the obtained area by the dis
tance between the ordinates and multiplying it by a scale
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factor, the average temperature difference for any period can
be calculated. If the average temperature difference for
several periods is desired, it is sufficient to add the areas
and divide by the total distance between the ordinates bounding
the time period in question. Tables VI, X, and XI give the
necessary information to find average temperature differences
for any period. Caution should be exercised in the use of
Table XIV, where In Part II the constant temperature line was
taken to be 60*^ rather than 75*^, because of greater convenience
in plotting. The procedure outline above was followed, but
to the result 1?*^ must be added.
To find the floor loss for any period, equation (1) was
used in somewhat modified form:
Q « UA(Ti - T^)t (9)
where Q = floor loss in Btu*s
TJ B thermal transmittance of the floor
^i ** " average temperature difference between the
inside and the outside air (®F)
t = time in hours
The solar heat reaching each compartment was computed
as follows. On the pyrheliometer charts ordinates were drawn
at the time of each reading and the area bounded by the solar
intensity curve, the X-axis, and the ordinates at the begin
ning and at the end of the period, was measured with a planim-
eter. (Fig. 12) Multiplying this area by the conversion
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factor of Table III, and by the area of the roof section, the
amount of heat impinging upon the south facing sections of the
testhouse is obtained. Using an absorptivity of 0«90 for the
roof sections, the amount of heat absorbed by the roof section
can be estimated.
Subtracting the floor loss from the electric heat input,
the outward heat flow through any roof section can be gotten.
This net flow divided by the roof area, the average temperature
difference, and the time, yields U.
In order to obtain an index of the variability of the
values of tJ for any one compartment, periods were compounded
in various ways to enable independent evaluations.
Sample calculation
Required! the value of U for compartment A south for periods
2-3 of Part II of the main run, i.e., between Feb. 8,
I61OO, and Feb. 9, 16:00, 1944-.
Electric heat input
2-9 I6s00 9.9
2-8 I6i23.
23:65 8.4 kwhr = 8.4 x 3413 » 28,700 Btu.
Average temperature difference
area abscissa
period 2 3.41 In^ 1.31 in
period 3 1.43 in^ 0.57 in
total 4.84 ln2 1.88 in
-62-i
average temp. diff. = (4.84)(12,7) 4- 15 " 32.7 4" 15 '
(1.88)
47.7^
S'loor loss = (area)(U)(time)(temp diff.) ~
(18.9)(0.053)(23.65(^7.7) = 1130 Btu
Net heat flow = 28700 - 1130 = 27570 Btu
U = (net heat flow)
(roof area)(tiTne)(av. temp, diff.)
» 27570 a 0.91 Btu per hour per square
(26.7)(23.65)(47.7)
foot per hour per op
E, Results and Discussion
Using the above scheme of calculation, values of TJ for
each compartment, both north and south facing, were found and
tabulated below.
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TABLE I
Values of U
Preliminary Run
Thermostat Settings 76^
Jan. 31 - Feb. 2, 1944
i Compartments
i t i I i i i i
tA tB :C :D tE »F xG iH
tilt ittt
North : 1,02 t 0.55 * 1.00 s 0.62 1 O.38 : 0.33 i 0.55 i 0.19
t iititt
South s 0.88 I 0.47 s 0.85 : 0.50 t 0.33 1 0.33 t 0.42 j 0.17
I t I j _ I I : _ t
TABLE II
Average Values of TJ
Thermostat Setting: 80®F
Feb. 4 - 12, 1944
» A I B I 0 iD lE t F :G t H
North I 1.11 t 0.62 I 1.10 : 0.65 * 0.45 « O.38 : 0.59 1 0.21
South I 0.92 j 0.51 « 0.89 : 0.55 * 0.36 I 0.35 : 0.45 » O.17
I I I I I i I I
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The values of U presented in Tables I and II were com
puted for the entire duration of the tests and thus represent
average values usable under similar weather conditions. In
Table XV values for shorter periods are given to enable the
reader to form an Idea of the variability of TJ for any one com
partment. During the existence of the project only two sets of
evaluations of tJ were made, the first one by Ives and the
second one by Cox. A comparison of the values obtained by this
investigator and those obtained by Ives reveals that this in
vestigation's values are generally higher. The values obtained
in the present investigation are consistent and the variation
from the mean is considerably less than when compared to the
variations observed by Mr. Ives. His values for compartments
A and C, which should be practically the same, are relatively
divergent. It is well at this time to point out that theoret-
fcally computed values of U contain a greater element of un
certainty than the experimental ones. The testhouse has been
exposed to weathering since 1937 and modifications of the
thermal properties of the roofing materials were inevitable.
Obviously, any calculations of the theoretical values of TJ
would be dependent upon assumptions as to the thermal conduc
tivities and surface conductance of the weathered materials of
construction. For instance, it is difficult to estimate the
relative change in conductivity of structural insulation board
caused by the absorption of water vapor. The surface coefficients
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of galvanized sheet steel certainly increased from the
initially assigned figure of 1.2 (Ives, 19, p. 134) toward the
value 1,65 given for ordinary surfaces. Another type of diffi
culty encountered in the theoretical evaluation of U resides
in the uncertainty about the amount of contact between the gal
vanized corrugated steel sheet and the structural insulation
board in type E, The theoretical value of U in such case is
materially dependent upon the estimated percentage of contact.
Unfortunately no r^ady means for measuring this percentage are
available. Similar difficulties are also present in the other
types of roofing.
Cox's values for U appear to be too low. A proposed
explanation would probably rest upon his method calculations.
His values of U for compartments A and C south are more diver
gent than could be allowed to compartments of the same structure
The present investigation yielded values of U for A and C which
are not significantly different from each other. As a matter
of fact, the only physical difference between types A and C
consists in that A is corrugated while C is not, and, of course,
would not affect their values of U. Such an agreement between
the results of this investigation can be considered a good
index of the reliability of the values of U found for the
other ccMnpartments, However, the results of this investiga
tion are subject to very serious limitations, a discussion of
which follows.
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Although the operating differential of t he thermostats does
not exceed 2 to 3^, the temperature within the compartments was
found to vary by at least 10°F during a heating and cooling
cycle. Such a situation was inevitable, because of the local
ized source of heat and of the absence of effective mixing of
hot and cold air layers, as by means of fans. In accordance
with the observed compartment temperature during heating cycles
it was estimated that the effective average temperature of the
compartment air might be taken to be approximately 5^ below
that of the thermostat setting. Hence, the use of 70®F and
75°F as effective compartment temperatures. The difficulty of
evaluating the effective compartment air temperature was still
complicated by the restricted number of thermocouples* The
reader will recall that only three thermocouples per compart
ment can be used, which is definitely not sufficient to obtain
enough readings to enable the computations of a reliable aver
age, Although the testhouse was very carefiilly caulked, the
possibility of infiltration could not be definitely excluded,
and there were some grounds to suspect the existence of heat
leakage from compartment to compartment.
Perhaps the most important criticism that can be made on
the method of obtention of the IT values is the implicit
assumption of steady-state conditions. Although the method
used in computing average temperature differences somewhat
obviates this criticism, the fact remains that the values of
-67-
U that were computed are not refined as they could have
been, if a continuous record of the inside compartinent temper
atures could have been kept. Such a record would have enabled
the required unsteady-state analysis to be applied, but it is
very doubtful whether such expense for intricate recording
apparatus would have been justifiable. The values of U ob
tained in this investigation are reliable enough to be used in
engineering calculations.
In connection with the choice of periods used in U cal
culations of compartments A to D, the reader will probably
have noticed that the colder periods, i.e., below 15"^?, were
not used. The heating equipment for these compartments was
designed on the basis of U values obtained by Cox, which were
considered to be the most reliable ones, having been evaluated
last. These were so much below their real values that the
maximum heating load for compartments A and C was reached
around 15**^.
No correlation between values of tJ and average temper
ature differences over the periods for which they were computed
could be found.
There was some correlation between wind velocity and U
values of poorly-insulated compartments, the value of 0 in
creasing with the wind. This situation is easily understood
when one considers that surface film coefficients play a major
part in opposing heat flow in these compartments. As surface
-68-
film coefficients increase with higher wind, the effect of
higher winds was to raise the values of U for these compart
ments.
It is well at this time to remind the reader of the nattire
of tJ, the over-all thermal transmittance coefficient, IT is a
measure of conductance, and not of resistance. The larger
the value of U, the greater the conductivity. As thermal re
sistance is the reciprocal of thermal conductivity, the larger
TJ, the smaller the thermal resistance.
It will be noted from Tables I and II that the U values
for south facing compartments are smaller than the ones for the
north facing ones. Such a decrease in the heating require
ments, entailed by lower U values, is, of course, caused by
the radiation reaching the inside of the compartment. Although
solar radiation decreases the required heat input in a compart
ment, no quantitative relation between the magnitude of this
decrease and the total solar radiation impinging upon the roof
section could be found. This situation will be made clearer
by the following considerations. The north facing compart
ments obtain heat from one source only, i.e., electrical heat
ing, and lose heat through the roof section, because of the
temperature difference existing between the inside and out
side air. The south facing compartments gain heat from two
sources: first, electrical heating; second, impinging solar
radiation. They lose beat through the roof section much in
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the same manner as the north facing compartments, except that
the rate of heat loss from the south compartments will be
different from that of the north compartments, due to a diff
erence in wind velocity and direction. Therefore, there Is
no reason why the sum of the solar heat, or some constant
fraction thereof, impinging upon the south roof section and
the electric heat input in that section should be equal to the
electric heat input into the corresponding north facing section.
As a matter of fact, in about half of the cases it was found
that the sum of solar and electric heat inputs was less than
the corresponding electric heat input into the northern com
partment .
Another source of experimental error which should be kept
in mind while using the values of TJ tabulated above, is that
although the thermostat pointers were set at 80®F, unavoid
able variations in the uniformity of these mass-produced
devices, probably caused slightly different temperatures to
be maintained within the different compartments. Provided
one keeps the above remarks in mind, the values of U tabulated
above can be safely used in the design of roofing for Iowa
winter conditions#
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TV. CONaUSIONS
On the basis of the work described in this thesis the
following conclusions can be stated. These are based on
Tables I and II, and also Fig, l6, which embody the final
results of this investigation,
1, No significant difference exists between the values of TJ
of galvanized corrugated (A) and galvanized 3-V crimp
(C) sheet steel roofing,
2, Wood shingles (B) performed slightly better than the
corrugated sheet, sisalkraft paper, and shiplap combination
(D).
3# It is more advantageous to have a structural board placed
a few inches below rather than adjacent to corrugated steel
roofing (types E and F),
4, Type F, i.e., corrugated galvanized sheet steel roofing on
the outside, with 25/32'* insulation board on the underside
of the rafter, is more efficient than type G, i.e., corru
gated galvanized sheet steel roofing on the outside, with
flat galvanized sheet steel on the underside of the rafter.
5. The lowest U value was attained by type H, i,e,, corru
gated galvanized sheet steel on the underside of the rafter,
with the Intervening space filled with loose cornstalk
insulation.
-71
6. The average outside temperature was not found to affect
U values.
7. High wind velocities seem to increase slightly the V
values of types A and C.
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V. SYNOPSE
After a thorough study of all previous work done on this
project, it was decided to set up an experiment designed to
yield winter values of U, the over-all thermal transmittance
coefficient, for the different types of roof section repre
sented in the testhouse. The compartments were electrically
heated and thermostatically kept at a constant temperatiore.
From the knowledge of the required heat input of the average
temperature difference between inside and outside air and of
the amount of hest received from the sun, a dozen of values
of IT for each compartment were calculated. These values can
be used in design work \inder Iowa winter conditions.
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TABLE III
Conversion Constants for Pyrheliometer Data
252 gm-cal = 1 Btti
929 cn^ =1 ft^
1 gm-cal/cm^ = 929 = 3.687 Btu/Cft^)
2^
Pyrheliometer oDnstant: l»73g millivolts/(min)(ciD2)(gni-cal)
" 1a23§—• 0,472 millivolt/(min)(ft2)(Btu)
3.687
= 0.472 = 0.00785 inlllivolt/(hr)(ft2)(Btu)
60
1 ln2 chart area = 13#30 milllvolts-mln.
= a 6.27 Btu/(ft2)
1 millivolt, chart distance = 929 = 2,12 Btu/
(1.738)(252) (min)(ft^)
= 127.2 Btu/(hr)(ft2)
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TABLE IV
Data for Floor Loss Calculations
(10, p. 83)
Transmittance of floor of compartment 0.053
Transmittance of all partition walls 0.062
Floor area, compartments A, B, C, D, E l8, 9 ft.^
Floor area, compartments F, G, H, I, J 17.0 ft.2
Roof area, compartments A, B, C, D, E 26,7 ft.^
Roof area, compartments F, G, H, I, J 24,0 ft,2
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TABLE V
Abbreviations tTsed in the Data Sheet
Tq Outside temperature one inch above roof
Tqq Outside surface temperature of roofing
Temperature within roof section
Tg Temperature within roof section
T3 Temperature within roof section
Tj[^g Inside surface temperature of roof
Inside temperature one inch below roof section
Compartment temperature twelve inches below
roof section
R2 Compartment temperature twenty-four inches
below roof section
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TABIiE VI
Current Consumption (kwhr)
Preliminary Run: Jan. 31 - Feb. 2, 1944
Thermostat Setting: 76®F
North Facing
: Compartments
Date T ime : i : t : : •• :
1 A t B : C : D : E 3 F i G : H
t I : : : : : :
1-31 10:25: 0.0: 0.0: 0.0:
o
•
o
o
*
o
0.0: 0.0: 0.0
31 15:25: 1.8: 1.4: 1.7: 1.0; 0.7s 0.6: 0.92 0,2
2-1 9:20: 9.3j 5*6: 9.2: 5.6: 3.8s 2.9: 4.6: 1.7
1 15:05:11.1: 6.4: 10.8: 6.7s 4.3! 3.5: 5.4: 2.2
2 9:07:16.3: 9.0: 15.8: 10.0s 6.4.! 5.1: 8.0: 3.2
• •
• •
•
# s s •• :
South Facing
Compartments
Date : Time :
t i
:
A . I
: :
B : C j D E : F j
:
G 1 H
: : •• • «• • : : :
1-31 : 10:25: 0.0: 0.0: 0.0: 0.0 0.0: 0.0: 0.0: 0.0
31 : 15:25: 0.7: 0.5j 0.7: 0.4 0.3« 0.4: 0.4: 0.3
2-1 : 9s20: 7.4: 3.7: 7.3: 4.3 2.9: 2.7t 2.4: 1.5
1 : 15:05: 8.4: 4.6: 8,3: 5.0 3.5: 3.3: 4.1: 2.0
2 : 9:07: 13.9: 7.8:13.5: 8.2 5.7: 5.1: 6.3: 3.0
i : : : : : : :
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TABLE VII
Pyrbeliometer Data
Preliminary Riin - Jan, 31 - Feb. 2, 1944
1 t i
Date : Time : Area under :
:curve (in2) :
Solpr energy
31 10:25
22.60 141.8
31
11.98 75.0
2-1 9s20
15jo5
13.59 85.2
1
12.40 77.7
2 9s 07
TABIE VII
Wind Data
Preliminary Run - Jan. 3I - Feb. 2, 1944
I :
Date I Time :Odometer reading
^ > (mllefl)
Direction
1-31 10:25 8353 W
31 15:25 8417 W
2-1 9:20 8472 SE
1 15:05 8513 s/r
2 9:07 8590
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TABLE DC
Temperature Difference Calculations
Preliminary Rion - Jan. 31 - Feb. 2, 1944
Thermostat Setting: 760F
s i s Area "between 70^ :
Period: t scurve and outside airiLength of
s Date iDuration: temperature curve i abscissa
.1 .. t (hrs.) : (in2) i
1-31 10:25
1 5.0 1.91 0.50
1-31 15:25
2 18,0 8.47 1.80
2-1 9:20
3
•
00
2.38 0.58
2-1 I5i05
4 18.1 6,54 1.81
2-2 9:07
1 inch, abscissa « 10 hours
1 inch, ordinate « 10®F
Run
II
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TABLE X
Current Consumption (kwhr)
Thermostat Setting:80*^
Feb. 4 - Feb. 12, 1944
North Facing
s
Date
i
Time
Compartments
t
C D : E
0.0
f
•
0.0: 0.0
2.1 1.0: 0.9
8.0 5.0: 3.2
10.9 6.9: 4.5
19.6 12.3: 8.5
22.1 14.1: 9.6
27.9 17.6:11.9
30.0 19.1:12.9
35.7 22.9:14.5
2-4
4
5
5
6:
6
7
7
8
8
8
9
9
10
10
11
11
12
B
: 8
8:4?! 0.0: 0.0
15:35s 2.2: 1.1
10:00: 8.1: 4.3
16:00:11.21 6.7
8:25*19.9:12.3
16:00:22.7:14.1
8:50:28.3:16.6
16:00:30.5:18.3
8:38:36.4:21.4
8:38: 0.0: 0.0
16:00: 1.9: i,0
8:57: 9.5: 5.9
16:00:12.4: 7.5
9:32:20.9:13.5
15^05:23.6:14.2
8:50:32.3:22.8
15:33:35.9:26.3
10:12:44.9:34.1
0.0 0.0 0.0
2.0 1.3 1.0
9.6 5.8 4.1
12.4 7.5 5.3
20.8 12.7 8.5
23.5 13.4 9.8
32.0 20.5 14.0
35.4 23.3 15.9
44.3 31.3 21.4
i
F s
t
0.0:
0.9:
2.6:
3«6:
6.8:
7.8:11.1
9.5:13.9
10.3:15.1
12.4:18.0
G
0.0
1.1
3.9
5.2
9.8
0.0: 0.
0.8: 1.
3.4: 4.
4.4: 6.
6.8:10.
7.6:11.
10.5:16.
12.4:18.
16.5:25.
H
0.0
0.6
1.7
2.2
3.9
4.6
5.6
6.0
7.3
0.0
0.4
1.8
2.4
3.9
4.4
6.1
7.0
9.5
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TABLE XI
Current Consumption (kwbr)
Thermostat Setting: 80°F
Feb. 4 - Feb. 12, 1944
South Facing
' : :
Run; Date jTime
: 8 B
1
:2-4
: 4
t 5
• I
7
7
8
: s I
: 3:45: 0.0: 0.0
:15:3?J 0.4: 0.9
iIOjOO: 6.0: 4.4
:16:00: 7.5: 5.2
: 8:25:16.0: 9.4-
:16:00:17.2:10.5
: 8:50:22.6:13.3
:16:00:24.3:14.2
8 8:38:30.0:17.3
: : :
8 : 8:38: 0.0: 0.0
8 :16:00: 1.5: 0.9
: 9 : 8:57: 8.3: 4.1
: 9 sl6:00: 9.9: 4.8
II : 10 : 9:32:17.7: 9.3
: 10 :15:05:21.4:10.6
: 11 : 8:50:31.5:15.2
: 11 :15:33:32.9:16.3
: 12 :10:12:43.9:21.9
I ? : :
Compartments
D
i
E I
t
F : H
:
0.0: 0.0
0.4: 0.5
5.7: 3.9
7.3i 5.0
15.4:10.1
16.3:10.9
21.6:14,2
23.2:15.3
28.6:18.8
: i
O.Oj 0.0: 0.0
0.4; 0.3* 0.4
2.7: 1.9: 2.6
3.5: 2.6: 3.5
7.0: 5.9: 7.5
7.6: 6.5: 8.1
9.8: 8.2:10.4
10.7: 8.8:11.2
13.2:10.9:13.7
_ : :
0.0
0.2
1.1
1.6
3.2
3.6
4.4
4.8
5.9
0.0: 0.0
1.5: 1.1
8.0: 5.2
9.3: 6.1
17.6:11.0
20.2:12.5
28.6:18.0
29.9:19.1
38.6:26.2
0.0 0.0: 0.0:0.0
0.7 0.6: 0.7:0.3
3.4 3.2: 3.811.6
4.1 3.7: 4.4:1.9
7.2 6.4: 6.7:3.2
8.3 7.2: 7.8:3.7
12.0 10.5:12.9:5.5
13.2 11.4:14.0:6.1
17.5 16.1:19.9:8.3
: :
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TABLE XII
Pyrheliometer Data
Feb. 4-12, 1944
i
Date :
s
Time !
3
Area under
curve Cin^)
: Solar Energy
:(Btu per period)
: ("oer ft^)
2-4 8:4?
47.00 294.0
4 15:35
7.03 37.8
5 lOiOO
16:00
32.08 201.0
5
6.68 41.9
6 8j25
47.67
16:00
298.5
6
8:50
1.06 6.7
7
16:00
2.11 13.2
7
8 8:38
2.19 13.7
8 16:00
2.18 13.7
8.52
13.31 83.5
9
16:00
3.85 24.2
9
10
13.02 82.7
9:32
10 15:05
4.76 29.8
11 8:50
0.56 3.5
11 15:33
61,20 384
12
11.42 71.6
10:12
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TABLE XIII
Wind Data
Feb. 4 - Feb. 12, 1944-
Date Tlma Reading Direction
2-4 8:52 8720 SE
4 16:22 8923 S
5 10:20 9123 W
5 15s55 9217 w
6 8:50 9313 S
6 15:50 9391 W
7 8:47 8521 N
7 158 43 9 564 N
8 3:35 9608 SW
8 15:40 9644 W
9 8:55 N
9 15:55 9790 NE
10 9:38 9971 NE
10 15:40 35 N
11 9:00 210 N
11 16:45 302 N
12 10:30 401 N
12 16:15 425 W
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TABLE XIV"
Temperature Difference Data
Feb. 4 - Feb. 12, 1944
Thermostat Settingi 80®P
• 8 Area between
•
«
•
• inside and
PartsPeriod Date Diiration: s out side air Length of
•
•
•
• temp, curves abscissa
•
# :Is 75°. II: 60®
a 2-4 8:45
5 1 6.84 •• 1.28 0.46
S 2-4 15:35 ••
J 2
: 2-5 10:00
18.42 ••
:
3.38 1.47
: 3
16:00
6.00 •• 1.83 0.47
♦
• 2-5 ••
t 4 16.42 : 6.39 1.46
I t 2-6 8:25 •f
t 5 7.58 •• 1.9? 0.44
•
• 2-6 6:00 •»
8 6
8:50
16.83 : 3.30 1.28
I
1 7
2-7 ••
16:00
7.17 i 2.11 0.54
t 8
2-7 •
2-8 8:38
16.63 •« 4,66 1.41
T
: 1
2-8 16:00
7.37 •# 1.04 •0.58
I :
s 2
8i52
16.52 •• 3.41 1.31
• 2-9 ••
t 3
16:00
7.13 : 1.43 0.57
s 2-9 ••
: 4
2-10
17.53 t 3.72 1.35
II : 9t32 •#
* 5 5.55 : 1.26 0.45
i
>
2-10 15:05 :
s 6
2-11 8:50
17.75 : 5.49 1.38
•
• :
: 7
15:33
6.72 •• 2.65 0.53
s
: 8
2-11 :
18.65 7.78 1.43, j i2-np 10:12 :
Part
II
Av^
Part:
N
1.29
1.01
1.05
0.95
1.09
1.13
1.10
1.16
1.15
1.09
1^
0.43
0.44
0.43
0.43
0.44
: 0-4^
Ay.8 0.45
0.95
0.85
0.85
0.86
0.88
0.95
0.95
0.95
0.91
0.86
1.00
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TABLE XV
Values of TJ
Feb. 4-12, 1944
Thermostat Setting: 80°F
N
0.68
0.54
0.55
0.59
0.'?8
Compartments
B
i.
0.69
0.47
0.49
0.45
0.?^
i-JL
1.28
1.06
1.07
0.91
1-07
0.90
0.80
0.80
0.81
O-B-^
0.95
0.91
0.97
0.84
0.80
0^
0.66
0.66
0,66
0.70
0.64
0^
0-92 S 0-.62
0.48 s
0.45 I
0.48 :
0.41 j
0.40 :
0.50 i
0.51 i 1.10
1.13
1.10
1.14
1.14
1.09
1.16
SLS3.
0.41
0.36
0.38
0.34
0.38
0.38
0.44
0.40
0.41
0.42
0.40
Compartments
0,36
0.35 «
0.33
0.35
0.36
t
0.45
0.45
0.45
0.45
0.45
i 0.44
0.4'>
D
N
0.79 !
0.64 !
0,68 s
0.61 :
0,68 :
0.62
0.65
0.69
0.66
0.64
0^69
0.60
0.52
0.51
0,52
.0^
0.58
0.58
0.57
0.53
0.54
0.65 ; 0.55'
0.20
0.22
0.22
0.22
0.20
0.19
0.19
0.19
0.20
0
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INSTALLATION INSTRUCTIONS
TYPE T42A AND T42B THERMOSTATS
TheType T42A and T42B Thermostats may be used in line or low
voltage circuits to control both heating andcooling systems. Provided
with a bellows actuated mercury switch, they are capable of handling
directly, large motor driven Unit Heaters, Coal Blowers, Cooling
Equipment, etc. On larger or polyphase motors they may be used
in connection with magnetic starters.
SPECIFICATIONS
TYPES—
T42A M*kM cooUct ob tMap*T«tui« f«U.
T42B—M«kM contact en riM.
riNtSH—Stiver. (SpMdal bniakaa avsiUbU at
•xtxa c«ft. Submit
RANGE 40 to 80° F. (AvallaUa 60 to 100* F.,
S to 25° C. and 15 to 3S° C. al no vvtoa ooaL
80 to 120" F.. or 27 to 50° C. at Mlra coal).
DirrERENTIAL—Men-ad|aat«bl«. 2* to 3* F.
BfCTSICAL RATmO—T42A: 8
reMa, 4 aapa. 230 A.C. or D.C-, n
% H.F.8J>. at O.C. |i> 115 oi 230 Totla.
T42B; 2 mm. US vette. 1 amp. 230 '*o)to A.C.
or D.C-1/10H PJl.C. or DC. 4 USor 230
DIMENBIONS—S'.', wicitk 3 V,
2»h'.
8PBCIAL FEATUR£8 AVAILABLE—
dovica at no astra ooat.
Blank eerar (iaaa thaiioiaatot) at r«d*o«d aoat.
WHEN ORDERlirO SaPECIFT:
1. TypwNttmbar. 2. SpeoUl leatataa raqulied.
I a«p«. US
HiH-p u.
INSTALLATION
LOCATION: The thermostat should be mounted
on a wallabout fivefeet above the floor where it^will
be affected only by the average temi>erature of the
room (not on an outside wall.) Make sure there
will be a free circulation of air at this location
unobstructed by furniture or doors. Do not mount
the thermostat where it may be affected by drafts,
hot or cold air from water pipes or ducts, radiant
heat from the sun or fireplace, etc.
If the thermostat is being used to control a Unit
Heater and the Unit Heater is suspended from the
ceiling near a wall a good location for the thermo
stat is on the wall in back of and below the Unit
Heater in the path of the recirculating air.
WIRING: All wiring must comply with
local electrical ordinances.
If the conduit is to be exposed, mount a standard
gem or switch box on the wall at the point chosen
for the location of the thermostat. If the conduit is
to be concealed a 4 inch box with a plaster ring
is usually used. Run conduit, greenfield or two
wire BX between the box, power source, and Unit
being controlled. Pull the correct size wire into
the conduit or greenfield, leaving about 6 or 8
inches in the box for connections. See connection
diagram.
MOUNTING; Fasten the adapter plate that is
furnished, on the box as shown in (Fig. 1). Remove
enough insulation from the wire ends to make a
small loop around the terminal screws. Attach the
two wires to the terminals.
March 18, 1942 '
Supersedes Fonxt 95-1132
Dated January 15, 1941
THERMOSTAT^ ^
MT"G.SCREWS(4)
ADAPTER
SCREWS(2)
CONDUIT BOX
LOCATED IN
WALL
. _ ADAPTER
THERMOSTAT PLATE CONOUIT-*
FIG-I
Fig. 1—Assembly oi thermostat and adapter plate to bo*.
Carefully remove the cover from the thermostat
by loosening the screw on top and bottom. Then
place the base of the thermostat over the mounting
plate in such a manner that the mounting screw
holes (9-Fig. 4) line up with the screw holes in the
adapter plate. Fasten the thermostat to the adapter
plate, but do not tighten the screws.
Level the thermostat. (It is very important
that the top or bottom of Mercury Svritch Thermo
stats be absolutely level). Tighten the four screws
just enough to hold the instrument securely.
Numbet in; SECTION 2C
MERCURY SWITCH THERMOSTATS
Ordar This Sheat by
Form Muinbei 95-1132
T42A
TO LINE
LIMIT
CONTROL
(IF useo)
MOTOR
Fig. 2—Type T42A connection diagrann.
T42B
TO LI N E
SOLENOID
VALVE
Fig. 3—Type 42B connection diagram.
TESTING AND ADJUSTING
After the thermostat has been installed and
wiring completed, it should be manually operated
to make certain that it has been correctly wired.
Turn the setting knob (4-Fig. 4) so that the setting
pointer moves up and down the scale. This should
cause the mercury switch to tilt and make or
break the circuit to the motor or other device
being controlled.
The thermostat may not control accurately until
it has been in actual operation for an hour or
longer. No attempt should therefore be made to
change the setting of the calibration adjustment
screw (3) unless, after continued operation, the
thermostat fails to maintain the room temperature
(as indicated by the thermometer on the cover) at
or near the point for which it is set. If the thermo
stat appears to be out of adjustment far enough
to require re-calibration, check the therrxiostat
adjustment as follows:
Turn the setting knob slowly to the right on the
T42A {to the left on the T42B) until the heating or
cooUng equipment just starts to operate. Allow it to
run until the thermostat shuts off automatically and
then note the room temperature as indicated by the
thermometer on the cover of the thermostat. If it
does not agree with the setting of the pointer (2)
on the scale, remove the cover and turn adjusting
screw (3) a quarter turn for each degree error. If
the room is being maintained at too high a tem
perature turn adjusting screw (3) to the left
Turn the screw to the right if the temperature
is maintained too low.
After the calibration adjustment has been
changed it should be checked by actual operation
of the heating or cooling equipment as previously
outlined.
REPLACING MERCURY SWITCH: If the
mercury svritch becomes defective or broken it may
be replaced as follows: Note the arrangement of
the flexible leads and the position of the electrodes
in the svntch before removing it so that the new
switch may be installed in exactly the same position.
PAINTCO IN U.S.A.
MOUNTING
MERCURY
SWITCH
TEMPERATURE
SETTING
POINTER
TEMPERATURE
SCALE PLATE
TEMPERATURE
SETTING
KNOB
ADJUSTING
SCREW
MOUNTING
HOLES
Fig. 4—Type T42A ThermoBtat. Tjrpe T42B identical
except mercury switch ia reversed.
Remove the small wire from the switch clip and
then pry the tube loose from the clip with the point
of a knife—never attempt to twist it loose with
your £ii\gers.
Before placing the new svritch in the clip, wrap
a layer of friction tape around the center of it so
thai it will be held firmly in place by the clip.
LOCKING DEVICE
A special screw is
used instead of the
temperature setting
knob on those thermo*
ctats equipped with
locking device. It is
covered by a metal cap
which necessitates
removal of the thermo
stat cover before the
temperature setting
can be changed.
SCREEN
Fig. 5—Locking device.
GeH.878C
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INSTRUCTIONS
CR2810-1265 A-C CONTACTOR
The CR2810-1265 contactor is used for
energizing control circuits and for starting single-
phase fractional-horsepower motors. Although
designed primarily for use on alternating
current, coils may also be supplied for use on
direct current, but such coils usually require an
external resistor permanently connected in the
coil circuit.
stationary
contact
Movable
contact
Contact
spring
Armatura
spring
Fig. 1. CR28I0-126SG Single-pole Iformally
Open Contactor
INSTALLATION
The contactor should be mounted vertically
as shown in Fig. 1. For voltages up to 300 volts
a-c or d-c, the contactor can be mounted on
cither an insulated or a metal surface. If used
for voltages above 300 volts, the contactor must
be mounted on an insulating material. Forms
having the coil leads connected to terminals
on the relay frame, as shown in Fig. 1, are suit
able only up to 300 volts. For higher voltage
application, a form of contactor should be used
which has the coil leads arranged for connection
to studs or terminals located on the insulated
surface on which the contactor is mounted.
OPERATION
The contacts will carry 15 amperes continu
ously. and in closing will "make" 40 amperes
momentarily. The contacts in opening will
"break" the values of current listed below. These
values apply only when connections are so made
that the two contact gaps arc in scries to give
a double break.
D-c
Volts
AMPERES-BREAK
Inductive Moninductive
115 2 5
230 0.6 1
650 0.2 0.3
A-c Amperes-
Volts break Single-phase
UO 40
220 20 H
440 10 H
550 8 H
MAINTENANCE
The silver contacts should not require any
attention other than replacement when so worn
that the distance between the steel movable
contact support and the stationary contact
support (with the armature closed) has been
reduced to ^ inch.
GENERAL^ ELECTRIC
SCHENECTADY. N.Y.
RENEWAL PARTS
For renewal parts refer to Fig. 1 and order by
Cat. No. from the adjacent table.
Order coils by the Cat. No. stamped on the
coil.
For any parts not listed above, refer to the
nearest Sales Office of the General Electric
Company, giving the complete nameplate rat
ing of the contactor and describing the part in
detail.
M3 (J7M)
FUiof Na. S49(M3U10
Name
CONTACTOR FORMS
of Part G. H, L.
and Q
J. K.
and M P
Movable
contact 28I0405G1 2810405G2 4904054G1
Stationary
contact 28104S3o3 2810483G3 2810483G3
Contact
and
armature
springs
2411314 2411314 2411314
